Background: The last decade, there have been many initiatives worldwide to increase the number of organ donors. However, it is not clear which initiatives are most effective. The aim of this study is to provide an overview of interventions aimed at healthcare professionals in order to increase the number of organ donors. Methods: We systematically searched PubMed, EMBASE, CINAHL, PsycINFO, and the Cochrane Library for English language studies published until April 24, 2019. We included studies describing interventions in hospitals aimed at healthcare professionals who are involved in the identification, referral, and care of a family of potential organ donors. After the title abstract and full-text selection, two reviewers independently assessed each study's quality and extracted data. Results: From the 18,854 records initially extracted from five databases, we included 22 studies in our review. Of these 22 studies, 14 showed statistically significant effects on identification rate, family consent rate, and/or donation rate. Interventions that positively influenced one or more of these outcomes were training of emergency personnel in organ donation, an electronic support system to identify and/or refer potential donors, a collaborative care pathway, donation request by a trained professional, and additional family support in the ICU by a trained nurse. The methodological quality of the studies was relatively low, mainly because of the study designs. Conclusions: Although there is paucity of data, collaborative care pathways, training of healthcare professionals and additional support for relatives of potential donors seem to be promising interventions to increase the number of organ donors.
Background
The large gap between organ donor availability and organ demand is a major healthcare issue worldwide. In 2017, the Netherlands had 15.2 actual deceased organ donors per million population (PMP), while at the end of 2017, there were still 1138 patients awaiting a transplant and 140 patients who died while on the waiting list [1] . The UK had 22.5 deceased organ donors PMP, 6739 patients awaiting a transplant and 436 patients died while on the waiting list. For the USA, 31.7 deceased organ donors PMP, 77,115 patients were on a transplantation waiting list, and 6021 patients died while on the waiting list [1] . To amend the large organ donor shortage and increase organ donation rates, many initiatives have been suggested. These initiatives range from changing the legal consent system (opt-in versus opt-out) [2] , large-scale public campaigns to raise awareness [3] , to interventions aimed at increasing the organ donation pool through expanding medical criteria [4] . Due to the continuing shortage, new interventions are proposed frequently.
Many studies have also been published on improving the donation process in the hospital [5] . The donation process starts with the identification of a potential organ donor. Subsequently, the potential organ donor must be referred to the intensive care unit (ICU), if not already admitted, and the organ procurement organization (OPO). In addition, irrespective of the legal consent system, consent must be obtained either by the donor himor herself via the Donor Registry and/or by family members. Healthcare professionals play an important role in the donation process as they are directly involved and responsible for identifying and referring potential organ donors and obtaining consent. Several studies have shown that potential organ donors are not always recognized, especially when patients die outside the ICU [6] [7] [8] . For example, a study from the Netherlands described that the number of unrecognized organ donors outside the ICU was 11-34% of the known organ donor pool [6, 9] .
The objective of this study was to pinpoint effective interventions that were aimed at healthcare professionals and had the goal of increasing the number of organ donors.
Methods
A systematic review of the literature was performed. The criteria for article inclusion and data analysis were prespecified. The initial protocol has been registered in PROS-PERO, the international prospective register of systematic reviews with registration number CRD42018068185 [10] .
Data sources and searches
PubMed (including MEDLINE), EMBASE, CINAHL, PsycINFO, and Cochrane Library were searched until April 24, 2019, restricted to English language publications. The search strategy included the following concepts: post-mortem organ donation, healthcare professionals, and interventions in hospitals. The complete search strategy for each database is presented in Additional file 1. The author's personal files and references of included studies were also searched to identify additional relevant articles (snowballing).
Selection criteria and process
Titles and abstracts retrieved from the search strategy were independently screened by two authors (MW and NJ), to identify studies that potentially fulfilled inclusion criteria. Full-text articles were screened by the same two authors. Disagreement on inclusion was resolved by discussion. Studies were included when they met all the following inclusion criteria:
1. The healthcare intervention was aimed at healthcare professionals who were involved in the identification, referral, and support of (relatives of ) potential organ donors.
2. Study design was experimental, quasi-experimental, or observational, such as randomized controlled trials, (un) controlled before-after studies, and (non-) controlled cohort studies. 3. Study had at least one quantitative outcome measure. 4. English language full-text article is available.
Studies were excluded when the interventions aimed to increase the potential donor pool or improve logistics outside the hospital, e.g., implementation of a donation after circulatory death (DCD) protocol, implementation of a donation program with transplant coordinators and regional retrieval teams, expanding the donor pool (older donors, DCD donors, non-ventilated donors), education of the population, ways to recover organ function, legislative measures, and improved allocation algorithms. In addition, we excluded donor programs consisting of more than two interventions. Although a bundle might be interesting as an approach, the effect per individual intervention cannot be distinguished. Also, a bundle would mean all components of the bundle have to be implemented to obtain the effect making it more difficult to implement in daily practice.
Data extraction and quality assessment
One researcher (MW) extracted the data from the included studies, using a standardized form (see Additional file 2). The extracted data were checked by a second researcher (NJ). The extracted data included the study design, objective and methods, setting, population and sample size, intervention, outcomes and results, conclusion, and article comments from the reviewers.
The quality of the included articles was assessed using the suggested risk of bias criteria for EPOC (Effective Practice and Organisation of Care) reviews from the Cochrane Handbook [11] . The criteria for studies with a separate control group (randomized trials, non-randomized trials, and controlled before-after studies) were different from the criteria for studies without a control group (uncontrolled beforeafter studies, cohort studies). Quality criteria were independently assessed by two authors (MW and NJ). Discrepancies were resolved by discussion between these two authors.
Data synthesis and analysis
We tabulated study characteristics and outcomes such as study design, intervention, number of participants, outcomes, and significance level. The interventions were described in more detail and classified in one or more of the following categories: (1) identification and referral of the potential organ donor, (2) education of the healthcare professionals, and (3) extra support of the relatives to help them make a well-considered decision on donation.
Results
Our search identified 18,854 records, of which 5515 duplicate records were removed (Fig. 1) . In total, 13,339 records were screened for title abstract. After excluding 13,295 records, 44 full-text articles were assessed for eligibility. The final set of articles consisted of 22 full-text articles. No new articles were identified through snowballing.
Characteristics of included studies Table 1 summarizes study characteristics and outcomes of the 22 studies. Fourteen uncontrolled before-after studies (UBAs), four cohort studies, two randomized controlled trials (RCTs), one controlled before-after study (CBA), and one non-randomized controlled trial (NRCT) were analyzed. The interventions were aimed at healthcare professionals: physicians, nurses (specialized in donation), requestors, personnel from the procurement centers, social workers, chaplains, administrators, and psychologists. Ten studies were single-center studies, and 12 studies were performed across multiple hospitals ranging from 3 to 220 hospitals. The study population consisted of relatives of ICU patients, potential/eligible donors, emergency department (ED) deaths, declared brain deaths, donation requests, and patients meeting trigger criteria. The sample size per study ranged from 11 to 1101 in the intervention group and from 3 to 1563 in the control group. The majority of the cases were DBD and most studies included donation after brain death as well as DCD, depending on whether the country had a DCD protocol.
Various outcomes were reported: donor identification, donor referral (from the ED), family approach rate, consent rate, donation rate, and organs recovered. Most interventions were aimed at increasing the referral rate (from the ED), consent rate or donation rate (which is based on the referral and consent rate). Significant differences were seen in all of these three outcomes. In eight studies, the significance level was not reported. If possible, we calculated the p value with the data that were available (Tables 1 and 2 ).
Methodological quality
The results from the quality assessment are shown in Additional file 3. Overall, the quality of the studies was relatively low, mainly because of the study designs that were used. Seventeen studies did not use a control group, which makes the criterion "intervention independent of other changes" for these studies at high risk. Two RCTs were performed [12, 32] . One of these studies did not use a correct randomization method. They divided the groups by even and odd numbered beds [12] . In addition, most studies lacked adequate power or had selection bias leading to a high-risk score on the criterion "other risks of bias." The studies found in this systematic review were not suitable for a meta-analysis due to heterogeneity in interventions and outcome, the different definitions used for "potential donor" [34, 35] , and different (legal) systems used in every country. Table 2 provides an overview of the interventions identified in the 22 articles, classified in 3 categories of interventions: identification and referral, education, and extra support of the relatives. Some interventions could be classified in more than one category.
Effects of the interventions

Identification and referral
Ten studies focused on the identification and referral of potential organ donors [13, 14, 16-19, 24, 27, 30, 33] . Six out of ten studies focused on donor identification and referral [13, 14, 16, 17, 27, 33] . Two of these six studies showed statistically significant higher identification rates [13, 33] after the intervention. In the study by Beasley et al. [13] , a multidisciplinary strategy was introduced in 50 hospitals which increased the donor identification from 90.5 to 97.0% (p = 0.001) and the donation rate from 32.9 to 42.5% (p = 0.005). In the study by Zier et al. [33] , the donation rate increased from 12 to 46% by implementing an electronic decision support system to identify potential organ donors (p = 0.002). The study by Sandiumenge et al. [27] used technology to refer potential organ donors to the donation coordinator (DC). Ninety percent of the specialists playing key role in the management of possible donors outside the ICU were included in a WhatsApp group in order to refer to the DC. After the intervention, 62% of the possible donors outside the ICU were referred to the DC compared to 32% before the intervention (p < 0.05). These referred donors after the intervention had a mean age of 72 years, and the main cause of death was hemorrhagic stroke (59%) followed by ischemic stroke (33%). Three of the six studies which focused solely on donor identification showed an increase in the number of referrals; however, it was not reported whether this was statistically significant [14, 16, 17] . The studies of Bleakly et al. [16] and Feest et al. [17] focused on donor identification by implementing an identification scheme describing the criteria of identification for personnel in the ED. In the study by Beigee et al. [14] , procurement centers called the hospital departments every day to check if there were any potential donors. This resulted in an increase in the number of brain death cases that were transferred to the OPU from 125 to 188. The mean age of these 188 donors was 45 years. In most cases, the cause of brain death was a cerebrovascular accident (47%).
Four out of ten studies, focusing on identification and referral, also focused on education [19, 30] or support of relatives [18, 24] . The study by Henderson et al. [19] showed that a training for emergency personnel on the process of identifying potential donors significantly increased the referral rate from 10 to 100% and the number of actual donors from 0 to 10 (p = not reported). A nurse requester education program led to an increased donation rate, however not statistically significant [30] . In the study by Garside et al. [18] , an embedded specialist nurse in organ donation (SNOD) and a collaborative pathway was introduced to identify clinical triggers and facilitate the referral of potential organ donors. This led to an increase in referral from the ED from 3 to 26 (p < 0.0001). It did, however, not lead to a significant increase in organ donors from the ED (0 to 2). The family communication protocol that was introduced in the study by Linyear et al. [24] , did not lead to an increased referral rate, but showed a non-significant increase in donation rate from 36 to 50% in 2 years after the introduction (p = 0.235).
Education of healthcare professionals
In total, nine studies focused on education of healthcare professionals [15, 19, 20, 23, 25, 26, [28] [29] [30] . A cohort study by Ismail et al. [20] showed that advisory support by a trained psychologist for requesters who are about to request for donation increased the family consent rate from 35 to 58% (< 0.001). A retrospective cohort study by Lenzi et al. [23] showed that when family conversations were done by an OPO representative or in-hospital coordinator, this led to significantly higher consent rates than when this was done by non-trained ICU physicians (respectively 64.5%, 53.7%, and 20.4%). In the study by Manyalich et al. [25] , an advanced training program was implemented in 220 hospitals in 16 countries, which was adapted to the country's needs. This training program consisted of three educational initiatives: essentials in organ donation, professional training for junior transplant coordinators, and organ donation quality management. Online communication tools were used to implement these initiatives. The results of this study showed an increase in the mean number of utilized donors identified from 15.7 to 20.0 (p = 0.014) and the mean number of organs recovered from 49.7 to 59.3 (p = 0.044). Siminoff et al. [28] designed a training program for OPO staff members consisting of a day-long interactive workshop and individual skills-based simulated donation scenarios with feedback. The training led to an increase in consent rate from 46.3% to 55.5% (p = 0.07). This study was followed by another study by Siminoff et al. [29] , where two online versions of the training program were developed. Overall, this did not lead to an increase in consent rate (84% before intervention, 83% after intervention).
Additional support of relatives
Seven studies focused on additional support of relatives [12, 18, 21, 22, 24, 31, 32] . Six out of seven studies showed a statistically significant increase in the main outcome measure after the intervention. In the study by Adanir et al. [12] , psychologists performed therapeutic sessions with the relatives of ICU patients. Although the relatives were not relatives of potential organ donors, the percentage of people that would consent to donation, if they had to decide, was higher in the intervention group (75%) than the control group (32%) with p < 0.0001. In the study by Jansen et al. [21] , nurses were trained who were available 24 h a day to guide the relatives of potential donors. A significantly higher consent rate was seen in the intervention hospital with the trained nurses (57.6%), than in the two control hospitals (34.6% and 39.4%). The mean age of the potential donors in the intervention group was 63 years. The study by Krekula et al. [22] also showed an increase in donation rate when working with trained nurses (called "donation specialist nurse" (DOSS)), first in a DOSS local project and later in a DOSS county-based service ( Table 1 shows the outcomes of the DOSS service). In the ACRE trial [32] , it was shown that collaborative requesting by a clinician and donor transplant coordinator did not increase the consent rate when compared to requesting by the clinical team alone (57% vs. 62%, p = 0.53).
In Fig. 2 , the beneficial interventions are summarized and visually displayed per area.
Discussion
This systematic review provides an overview of interventions aimed at healthcare professionals in order to increase the number of organ donors. Interventions, with statistically significant effects, were found in all three categories: identification and referral, education, and extra support of relatives, where some interventions focused on two categories. However, the results we found were based on studies with a relatively low methodological quality. Also, many of the included studies were with insufficient power. The lack of high-quality studies seems typical for the research area and for research that is being developed and implemented in practice.
We found that implementation of a collaborative approach between the ICU and other departments, such as the department of neurology, ED, and neurosurgery ("collaborative care pathway") to identify triggers, facilitates identification and referral of potential organ donors [16, 18, 24] . Implementing such a collaborative care pathway creates the possibility to make organ donation part of end-of-life care, also outside the ICU. Recently, more literature, including studies that were not included in this systematic review, has been published on this topic [5, 6, [36] [37] [38] [39] . A recent paper by Martinez-Soba et al. described their experience with an Intensive Care to facilitate Organ Donation (ICOD) protocol [38] . They retrospectively reviewed patients with a devastating brain injury whose families were approached to discuss the possibility of ICOD. This also included patients in which the decision was made not to intubate (50% of the cases). The results showed that ICOD was well accepted by families and ICOD contributed to 33% of the actual donors. Another recent paper by Witjes et al. describes their experience with the implementation of a multidisciplinary approach in the ED. They describe that organ donors from the ED with a fatal brain injury are an important portion (29%) of the total pool of organ donors. Although such an intervention is not straightforward to implement due to its multidisciplinary approach, it could lead to improved donation awareness and better donor identification in the ED.
In some studies, a large number of referrals did not lead to effected organ donors. For instance, in the study by Bleakley et al. [16] , it was shown that an increase in referrals to the on-call donor transplant coordinator from 4 to 121 referrals led to an increase in organ donors from 0 to 9. This means that per organ donor, 13 referrals to the OPO were needed (donation rate of 7.4%). A difficulty in analyzing such data is that not each referred patient was actually a potential organ donor and that there are international differences between the definition of a potential organ donor [34, 35] .
With regard to the organ donation request, most studies showed that the professional requesting donation should be trained, although not all studies showed a significant effect, mostly due to low sample size [15, 28, 30] . The person who is requesting for donation also differs per country. For example, in the USA, the OPO (who is also involved in the transplant side) is requesting for donation, and in the UK, it is the SNOD who is requesting for donation (and is not involved in the transplant side). In many countries, the requester is part of the treating team and is mostly an ICU physician.
Much research has been published on factors in the donation process that influence consent rates [40] [41] [42] [43] [44] [45] [46] [47] [48] . This research also showed that the skills of the requester influence the consent rate, just as the information discussed during the request, understanding of brain death, timing of the request, setting in which request is made, characteristics of the requester, the family 's satisfaction level with the medical attention, et cetera. All this information was used to develop various educational programs for healthcare professionals involved in donation practices, some of them shown in our review. In addition, in a large nationwide study including 1322 organ donation requests, it was recently shown that when the requesting physician contacted the OPO before the organ donation request and discussed the case, this led to a higher consent rate [48] . This was presumably because the contact between requesting physician led to more clarity in the conversations with the family as the requesting physician could provide more specific information regarding (suitability for) donation and approximation of the time span of logistics surrounding organ donation.
With regard to family guidance, we found that additional support of relatives by healthcare professionals increased the consent and donation rates. The healthcare professionals were mostly nurses who were trained in organ donation in order to support the relatives of potential organ donors in their decision-making process.
On the other hand, collaborative requesting by clinician and donor transplant coordinator did not increase consent rate [32] .
Limitations
Our systematic review has several limitations. First, the studies included in our review are mostly uncontrolled before-after studies which tend to overestimate the effect. On the other hand, these study designs are more feasible in practice than randomized controlled trials, since blinding and concealment of allocation are often not achievable in this area. Second, we did not include articles that reported effects of combined interventions as the effect per individual intervention could not be distinguished, making it harder to implement such an intervention in the daily practice. An earlier review [49] (with articles until 2010) on interventions aimed at healthcare professionals, did evaluate these donor programs with combined interventions and found that the evidence of the 15 included articles was weak due to methodological flaws, as a vague definition of the intervention, lack of explanations on the study design, and unjustified sample size. Third, we only included full-text articles available in English, which may have increased the risk of publication bias. Fourth, many of the included articles dated back to > 20 years ago. This could make their data less applicable to the current practice.
The paucity of data in peer-reviewed journals does not mean that there is no evidence for successful initiatives to increase the number of organ donors. Although not the focus of our review, there have been successful donor programs (with combined best practices) that have improved and sustained organ donation [50, 51] . The focus on potential organ donors outside the ICU, e.g., ED, could be an area where a collaborative effort between the ICUs and ED can increase the number of organ donors and more data is needed from successful collaborative efforts [6, [37] [38] [39] . Besides scientific evidence, other (policy) documents exist on interventions that could increase the number of potential organ donors [52] . However, much of these data are not published in peer-reviewed journals, which makes them more difficult to assess and compare to scientific standards. We would like to make a call to action to research, audit, and evaluate initiatives to improve organ donation practices, and to publish these results in scientific papers.
Recommendations and future research
Based on our extensive literature search, the following recommendations can be made.
With regard to the identification and referral of potential organ donors in the ED, we recommend that hospitals develop a process that ensures that all potential organ donors are identified. Most hospitals will already have such a systematic approach for patients in the ICU.
However, such a systematic approach is mostly lacking for potential organ donors outside the ICU, e.g., the emergency department. Successful approaches focusing on this area included a close collaboration between the organ procurement staff, the ICU and departments involved outside the ICU such as the emergency department, the department of neurology, neurosurgery and traumatology. In addition, educating medical professionals outside the ICU in organ donation is paramount in such an approach. Important questions in such a collaborative approach are "who should make the organ donation request?" "where should the organ donation request be made (ED or ICU)?" "what logistical arrangements are required (and should be arranged beforehand) to admit potential donors to the ICU?"
Concerning the consent rate, it is important that the professional who is requesting for donation should be trained in communicating organ donation. In addition, ICU nurses could play an important role in guiding the family during and after the consent process.
It is known that clear communication and information about the donation process are crucial for the family. The role that ICU nurses or other professionals could play in family guidance needs further research as the scientific evidence is limited. Future research could also focus on technology that could be used to (automatically) identify and refer potential organ donors Although randomized controlled trials are difficult to perform in this area, it is important that future research studying new interventions also include control groups. Ideally, a control group is compared to an intervention group in the same time period and prospectively measured.
Conclusions
In conclusion, this systematic review describes interventions that lead to higher numbers of organ donors. The main finding is that collaborative care pathways, in which donor identification criteria are identified, training of healthcare professionals (also in the ED) and additional focus on support of relatives of potential donors, could be promising interventions to increase the number of organ donors. The paucity of data in peer-reviewed journals asks for a call to action to publish the results of initiatives to improve organ donation.
Additional files
Additional file 1: Search strategy for each database. This additional file shows the search strategies that were used in the different databases. 
